ABSTRACT Establishing the conservation reserves is an efficient approach to protect various species, in which maintaining the spatial characteristics of the habit is an important issue. A continuous and compact reserve is vital for long-term survival and reproduction of various species. However, the existing methods for nature reserve design have the problem of the selected sites which are sparse in space. The sparseness refers to the isolated regions which are the unselected (selected) sites and surrounded by the selected (unselected) sites in the designed nature reserve and thus making the management of protected areas and exchange of information between species difficult. In this paper, we propose the concept of a dual-flow mechanism which is called the dual-flow structure (DFS) to address the problem of sparseness in sites selected for the reserve network design. The DFS constructs two consecutive arcs: one is for selected sites and the other is for unselected sites, simultaneously. Those two arcs ensure that each site has at least one adjacent site which has the same status (selected/unselected) with the competitive mechanism. The concept of two consecutive arcs can solve the problem of sparseness and achieve spatial continuity. The DFS further utilizes the perimeter in dual-flow structure to achieve the spatial characteristic of compactness. The main contributions of this study are: (1) we design a novel mathematical model which solves the problem of sparseness in the space, including selected and un-selected sites; and (2) the DFS generates the connectivity and compactness of the reserve network with the scientific and reasonable techniques. In the experiments, we take the Daiyun Mountains as a study area to demonstrate the feasibility and effectiveness of the proposed model.
I. INTRODUCTION
Recently, due to the rising of the conception of protecting the natural ecosystems, there has been much interest in constructing the natural conservation reserve [1] , [2] . Establishing reserve is an efficient approach to protect species and to achieve the goal of maintaining the biodiversity [3] , [4] . It is constructed with minimum area or minimum economic cost because of the requirement of economic development and the constraints of land resources. To maximize the performance of biodiversity in the reserve area, an efficient methodology of the site selection is needed.
This task is complex and many methods have been proposed over the last two decades. Among these methods, The heuristic-based algorithms overcome the problems of the prioritization-based approaches by applying mathematical model and include Greedy, Genetic, Simulated annealing and Tabu search algorithms. Greedy algorithm provides the global optimal solution by working out a series of the local optimal solutions [15] - [18] . Genetic algorithm utilizes the natural evolutionary process to achieve the optimal solution [19] , [20] . Tabu search algorithm records the information of movements to avoid falling into the local search by using the short-term memory structure. The short-term memory structure is also called the Tabu List, the longer the Tabu List is, the better the search result is [21] - [23] . To organize the reserve network, those algorithms are associated with various biological information, such as the species richness of each sites, the species distribution, and the habitat coverage. The heuristic-based algorithms can quickly search the feasible solution, but can only get the sub-optimal solution or approximate optimal solution [24] .
The optimization-based algorithms construct a mathematical model with optimal solver to solve the problem of optimization. The main concept of the optimization-based algorithms is to maximize the covering area with restrictions on fixed resources or to minimize the resource with the condition of the fixed covering area. Set Covering Problem (SCP) and Maximal Covering Problem (MCP) [25] - [27] are both the famous optimization-based algorithms which attempt to maximize the biodiversity with minimum area. SCP satisfies the requirement of protecting species with minimum cost and MCP maximizes the species with the fixed resource. Although those methods can effectively increase the utilization rate of resource, the spatial characteristics are missing. The spatial properties, which affect the biodiversity, are related to habit fragmentation. The spatial information in the reserve are regarding to the relative position between selected sites including the size of reserve, the shape of reserve, the number of reserve, the interval between reserves and the continuity of reserve [28] . Graphic theory in operations research utilizes the vertices and edges to construct the graphic structure. The combinations of the vertices and edges can provide the spatial characteristics and solve the problems of spatial relationships in various areas. The integer linear programing is part of graphic theory which solves the problems by minimizing or maximizing the objective function. Numerous methods, which combine the integer linear programing with graphic theory, have been proposed to solve the spatial problem. Önal and Briers [29] minimizes the distance between sites and shortens the boundary of the selected site to construct the compact reserve. Williamset al.,williams2008optimal minimizes the distance between reserves by considering the distance requirements. Jafariet al.,jafari2013new improves the mathematical model of continuity and compactness by minimizing the perimeter of the boundary, the boundary constraint can be applying to various mathematical models. Although the optimization-based algorithms can provide the characteristic of spatial continuity in the selected sites by associating spatial relationships with mathematical models, the spatial distribution of the selected site is sparse. The sparseness makes empty phenomenon appear inside of the selected sites which means the un-selected (selected) sites are surrounded by the selected (un-selected) sites. The phenomenon of sparseness breaks the completeness of habitat and causes the non-continuity of habitat. Some studies associate the spatial characteristic of the compactness in the local region to overcome the issue of sparseness [30] , [31] . Although, the characteristic of compactness can eliminate the sparseness, there are two problems when achieving the compactness: (1) numerous of sites are required, (2) the sites which are located in the marginal area are ignored.
When choosing a series of sites, the most important consideration is to maintain the integrity of habitat. The spatial characteristics, such as continuity and compactness, are provided for animal migration and useful for species propagation. In this paper, we propose a novel mathematical model called Dual-Flow Structure (DFS) by considering the spatial characteristics for reserve sites selection. DFS selects the sites by considering a bi-directional flow, one is selected and the other is un-selected, to construct the spatial continuity. In addition, DFS further utilizes the spatial characteristics of the perimeter of reserve network to perform the spatial compactness. DFS designs the competition mechanism of two arcs, which achieves spatial characteristics and addresses the problem of spatial sparseness.
The rest of this paper is organized as follows. First, we introduce the problem when selecting site with linear integer programming in Section II. After that, we describe the proposed mathematical model, Dual-Flow Structure in Section III. Then, we describe the study area and evaluate the ecological information to design reserve in Section IV. Next, we demonstrate the experimental results and discussion in Section V. Finally, we give the conclusions in Section VI.
II. THE PROBLEM
To design a conservation, a set of sites are considered [8] , [9] in which the shape of each site can be regular or irregular. The site is also called the decision unit, it has two states: selected and unselected, and the sites with selected status compose the reserve network. To simplify, we take the sites with regular shapes as the decision units in this study. The concept of continuity in graph theory can be simulated as the tree graph, each vertice can reach to any other vertices with a path, as shown in Fig. 1 . In other words, a designed reserve is continuous when the tree is composing of a series of vertices and edges. The tree in graph theory is an undirected graph. To consider the spatial characteristic of continuity in the linear integer program, the concept of directed graph is concerned. If two sites have a common edge, those two sites are regarded as the adjacent sites and each adjacent site is linked with a directional arc. The selected sites have the spatial characteristic of continuity if the arcs connect any two sites to form a connected path and that makes the selected sites to be connected. Although the directional arc with connected path can achieve the continuity of the reserve, the isolate sites still exist, as the black block shown in Fig. 2 . Fig. 2 is an example of the sparseness with 6 × 6 grids. In Fig. 2 , each grid is taken as the decision unit, and its index is numbered at the left-top corner. S = {X i , i = 1, 2, ...n} presents the set of the study area, in which X i is the decision unit. X 27 is the center site of the reserve, which is also called the sink point of the reserve. The selected sites are indicated by the red points, and the connected arcs are indicated by red line with arrows showing the directions. Although the selected sites are connected, the spatial distribution is sparse, which means that the isolate sites still exist in the designed reserve. In Fig. 2 , X 21 is the unselected site which is located in the reserve. Its neighbors, X 15 , X 20 , X 22 , X 27 , are all selected sites. X 21 is an isolated site which can neither be protected nor be used for the development of human living in the practice, which is a waste of resources and is the barrier of species exchange.
In this paper, we proposed a novel mathematical model, dual-flow structure (DFS), which considers the continuity in both selected and unselected sites and associates with spatial characteristic of compactness, to solve the problem of sparseness. The proposed model can ensure that there exists at least a neighbor with the same status, such as selected or unselected, for each site.
III. DUAL-FLOW STRUCTURE
The most important issue in the nature reserve design is the site selection, in which the mathematical technique is a useful approach. In this study, we propose the dual-flow structure (DFS), which can be applied to any types of mathematical models of integer linear program, to select the protected sites. Fig . 3 illustrates the concept of the dual-flow structure. The site X 7 with blue color is the center of the non-reserve area which is the unselected unit (the sink point of the unselected sites). All unselected sites flow into X 7 and are connected with the blue directed arcs. To compare with the existing approaches with spatial continuity and to maintain the continuity of consistency of unselected units, as shown in Fig. 3 , the status of X 15 which is the neighbor of X 21 is switched from selected to unselected unit. DFS not only changes the selected units into unselected state, but also changes the unselected units into selected status. DFS performs the optimal solution for the defined objective function which addresses the problem of the isolated sites.
The goal of reserve design is to maximize the protection benefits with an appropriate number of sites. In DFS, we design the objective function which associated the ecological information with site selection. The goal of objective function is to maximize ecological information with an appropriate number of sites, and the equation is written as follows,
where c is the cost of the objective function and U i is a binary variable {0, 1}. U i is set to 1 if the site i in reserve is selected, otherwise, is set to 0. e i is the ecological value of site (grid) i which is evaluated in Section IV-B. i U i is to minimize the area of selected sites. 1 − e i is an inverse indicator, the higher the ecological value is, the lower value of an inverse indicator is. To achieve the goal of the objective function Eq. 1, we further consider the constraint for the protection of various species in reserve design, the mathematical form is expressed as,
where s is the target species and S is the set of the target species. δ s i is the percentage of species s at site i in the study area. k s is a parameter to determine the percentage of each protecting species in reserve design. Eq. 2 presents that the sum of the percentage of species s at the selected sites must be larger than the percentage of protecting species k s in the study area. According to the investigation, we take the part of the zonal vegetation and protected species as the target species Species exchange is the key for the long-term survival of species, in which the spatial continuity of nature reserve is an efficient form. To ensure the spatial continuity, we have to consider the adjacent and the directional relationships in the process of site selection. The adjacent and directional relationship between two selected sites are described in the following equations,
where n is the number of sites; U i and V i are statuses of a site i, and be presented as selected and unselected, respectively. V i is a binary variable {0, 1}; V i is set to 1 if a site i is unselected in reserve, otherwise, is set to 0. f i,j is the outflow of site i and f j,i is the inflow of site i; i is the selected site; N i is the set of adjacent sites of the selected site i; j and k are the neighbors of site i which belong to N i and j = k; d is a binary variable {0, 1}; g i is the property of site i. The difference between inflow and outflow should be greater than or equal to U i g i . Inflow presents the flow which goes from site j to site i, and outflow is the reverse flow of inflow which goes from site i to site k. In both selected and unselected directions, they all have inflow and outflow statuses. d is set to 0, if it is the process of selecting sites; otherwise, is set to 1. M d j,i is the number of inflow which flows from the neighbor j to the selected site i. T i is a sink point and is a binary variable {0, 1}; if T i = 1 presents that the site i is selected to be a sink point of nature reserve. B and C are the restricted parameters.
Eq. 3 is the competitive mechanism of dual-flow structure, which restricts the status of a site i and has to be selected or unselected. Eq. 4 achieves the connectivity by using the relationship between inflow and outflow. To avoid a site be selected repeatedly, Eq. 5 restricts the inflow number of selected site i. In reserve design, it can have more than one sink point. The sink points attract flows and form the reserve network. Eq. 6 restricts the number of the sink points of the nature reserve which should be smaller than parameter C. are indicated as red and blue lines, respectively. In Fig. 4 , f 0 j,i and f 1 j,i reach the site i and compete with flow to achieve the goal of minimizing the objective function Eq. 1. If f 0 j,i is the winner in the competition, the site i is selected and the outflow is f 0 i,j . Otherwise, site i is unselected and the outflow is f 1 j,i . We utilize the characteristics of the change of flow to achieve the continuity in design reserve, and the competition of the dual flow to minimize the objective function.
In general, flow can be defined as the total land price of the selected sites or the total number of selected sites. Taking the price of site as an example, the site property g i is the price of each site, and inflow and outflow (f j,i and f i,j ) are the total cost before and after the selection of site i. In this study, we take the total number of sites as the flow, and the site property g i is set to be 1. If d = 0, f d is marked as the arc of the selected sites; if d = 1, f d is marked as the arc of the unselected sites. In our study, we set parameter of C to be 1 to find the best sink point through an iterative process of optimization and to demonstrate the capability of the continuity of the proposed mathematical model in the study area.
Although considering the spatial continuity in designing reserve can solve the problem of sparseness, the shape of the reserve is too narrow which is infaust to the information exchange between species. We further consider the spatial characteristic of compactness [32] in reserve design and that is associated with the concept of the dual-flow structure. The equation of spatial compactness is expressed as following,
where P is the perimeter of sites; if d = 0, P d=0 is the total perimeter of selected sites; otherwise, P d=1 is the total VOLUME 7, 2019 perimeter of unselected sites. R i is the perimeter of site i. Z i,j is a binary variable {0, 1} which presents the status of site i and its neighbor site j, Z i,j is set to 1, if both of site i and its neighbor site j are selected, otherwise, Z i,j is set to be 0. D i,j is the length of the common edge between site i and site j. Eq. 7 calculates the perimeter of the reserve which is suitable for regular unit. The perimeter is calculated by adding four edges of the selected sites and subtracting the common edges. The goal is to minimize the perimeter of the reserve with spatial compactness. Therefore, we associate Eq. 1 with Eq. 7 to form a new objective function, as shown in the following,
where w is the weight of ecological value of the selected sites and 1 − w is the weight of the perimeter of the reserve. The new objective function Eq. 9 achieves the goal which maximizes the ecological value and minimizes the perimeter of the designed reserve. In this study, we take the branch and bound algorithm into the proposed model to obtain the optimal solution. The branch and bound algorithm gets optimal solution between the upper and lower bounds of the model by iteration, in which the lower and upper bounds are from the slack and feasible solutions of the model, respectively.
IV. MATERIALS
In this section, we first introduce the study area, Daiyun Mountains, China. Next, we present the evaluation of the ecology of the study area. [33] .
To design a reserve, there is some information that should be considered, such as the information of animals, plants, microorganisms and abiotic environmental factors. However, it is difficult to collect the complete real data by forest resource investigation for various species. Therefore, we use plants information to present the condition of reserve. The higher level the health of plants is, the better the ecological environment is. For plants information, we consider the information of plants with zones, province and nationally protected species, which are the second category investigation of forest resource to generate the ecological information.
In this study, we select species according to the plants of zonality and protection of Daiyun Mountains for reserve design. Its zonal vegetation is the montane broadleaved and coniferous forests (Figures 6(a) and 6(b) ). We select the Pinus taiwanensis Hayata, Liquidambar formosana, Pinus massoniana, Cunninghamia lanceolata, Schima superba, and other hardwood species to represent the zonal vegetation of Daiyun Mountains. We also consider the 2 nd class national protected species, Fokienia hodginsii, Taiwania cryptomerioides and Cinnamomum bodinieri, and the Fujian provincial protected species, Cryptomeria japonica and Tsuga longibracteata, in our study (Figure 6(c) ). To maintain the diversity and to evaluate the quality of ecological environment, we further consider the alien species, Eucalyptus robusta and Pinus taeda (Figure 6(d) ).
B. ECOLOGICAL INFORMATION
We consider the ecological information to evaluate the significance of each sublot for protecting and maintaining biodiversity. In our study, we adopt the land class (L C ), the varieties VOLUME 7, 2019 of trees (VoT ), the stand closure (S C ), the average height of trees (H avg ), the mean diameter of trees (D m ), the age composition of trees (C age ), the site quality (S Q ), the species rareness (S R ), and the zonal vegetation type (Z VT ) to be the ecological information. The land class (L C ) is to describe the coverage of the tree species and the utilization. The varieties of trees (VoT ) presents the competition between tree species. In an ecological system, the dominant tree species is the key to assess the resilience and the vulnerability of the forest [34] , [35] . It affects the stability of the communities and is the factor for species survival [36] . The stand closure (S C ) is the ratio of the vertical projection area of canopy to the area of forest, it presents the utilization between different trees. The structure of forest stand shows the quality of forest resources including VoT , H avg , D m , and C age . The growth of plant is related to S Q , the higher the fertility is, the better the plant grows. S R and Z VT present the number of rare species and condition of vegetation type. We transform the ecological information into ecological score e for each sublot according to Table 1 .
To B are the broadleaved mixed forest, and the coniferous and broadleaved mixed forest; M C , R C P , R B P &B are the coniferous mixed forest, the relatively coniferous pure forest, the relatively broadleaved pure forest and the bamboo forest. C P &B P are the coniferous pure forest and the broadleaved pure forest.
The ecological score of each sublot is calculated by accumulating the score of each item, as shown in Table 1 . For example, one of the sublots i has the properties includes stand, dom., S C is 0.7 ∼ 0.8, H avg is 7 ∼ 10, D m is 8 ∼ 10, C age is C Mat , S Q is fertile, S R is R & E, and Z VT is C P &B P . The scores of each item are 10, 8, 8, 6, 4, 6, 6, 4, 6 and the total score of ecology of that sublot i is e i = 10 + 8 + 8 + 6 + 4 + 6 + 6 + 4 + 6 = 58.
Due to the difficulties of field investigation and the limitation of human and material resources, the sampling points cannot cover each sublot, as shown in Figure 7 . Figure 7 presents the distribution of the sampling points of the second category investigation of forest resource which are indicated as orange points. Although there are a lot of sampling points in our study area, the coverage area is incomplete. To solve this problem, we use statistical technique to estimate the ecological value to present the species distribution. In this study, we use the universal Kriging interpolation method to estimate the distribution of ecological value of Daiyun Mountains. The Kriging interpolation method considers the linear unbiased optimal properties to estimate the estimated points which can provide higher accuracy compared with other interpolation methods. The interpolation result of ecological value of Daiyun Mountains is shown in Figure 8 . Figure 8 demonstrates that the distribution of ecological value is obviously different in Daiyun Mountains. Some regions, such as the northeast, part of southeastern, part of southern, part of the western, part of northern, and part of the central, have higher ecological values compared with the rest regions. The indexes of these regions are better than the average, which is consistent with the second category investigation of the forest resource.
The sublot, which has an irregular shape, is the basic unit for the evaluation of the ecological score. Figure 9 is an example of sublot of Shanyong in Daiyun Mountains district, and it has a numerous of sublots. There are 18,768 sublots in our study area, and that consumes a lot of computational cost including the resource of CPU and memory when selecting sites. Therefore, we separate the study area into n × n grids with regular shape to reduce the computational cost. The number of grids with grid size of 0.25 × 0.25 km 2 , 0.5 × 0.5 km 2 , 1×1 km 2 , 2×2 km 2 , and 3×3 km 2 are 36,288, 9,072, 2,268, 567, and 252, respectively. To consider experimental resource and to prove the feasibility of the proposed mathematical model, we select the parameter with n = 1, in our study. Then, we re-calculate the ecological score for each grid based on the ecological score of each sublot. We utilized the ecological score and center of gravity of each sublot to evaluate the ecological score of each grid. If the center of gravity of the sublot j is located at the grid i, the ecological value of the sublot j belongs to the grid i. The formula can be formally defined as follow,
where e i is the ecological score of each grid, and ε j is the ecological score of the sublot j. To eliminate the influence of value, we use normalization method to correct the evaluated ecological value, as shown in the following equation,
where e i is the normalized ecological score of grid i. Fig. 10 shows the distribution of ecological score of each grid in Daiyun Mountains district. Fig. 10 indicates that the high ecological value is mainly concentrated in the center of Daiyun Mountains and extend to northeast and southwest part of Daiyun Mountains.
V. EXPERIMENTAL RESULTS AND DISCUSSION
We take Daiyun Mountains in China as the study area, and apply the proposed model, which is described in Section III, to design the conservation.
To demonstrate the feasibility of the proposed model, we compare the proposed method with three popular site selection models: (1) the species set covering problem (SSCP); (2) the network flow problem (NFP); (3) simulated annealing (SA). SSCP and NFP belong to the optimization-based algorithms but have different properties. SSCP is the classic model in optimization problem which satisfies the requirement of the species protection with minimum costs; NFP is the famous integer linear programming which considers the characteristic of spatial continuity in site selection. Simulated annealing is one of the popular heuristic-based algorithms which quickly searches the feasible solution.
In Figs. 11 and 12 , the sites marked as black are indicated as the selected sites. The sparseness is the isolated region and has two types in the designed nature reserve. Type A is the unselected sites which surrounded by the selected sites, and Type B is the selected sites which surrounded by the unselected sites. In Figs. 11 and 12 , the sparseness of type A is indicated as red rectangles and the sparseness of type B is indicated as blue rectangles. In Figs. 11 and 12 , the selected sites which is continuous and narrow is indicated as green rectangle.
Figs. 11 demonstrates the results of each mathematical model with k s = 0.3. Figs.11 (a), (b) , and (c) are the results of species set covering problem (SSCP), network flow problem (NFP), and simulated annealing (SA), respectively. Although SSCP selects sites with high ecological value, the spatial distribution of the selected sites is sparse which loses the spatial characteristics of continuity and compactness, and be indicated as blue rectangles in Fig. 11 (a) . In Fig. 11 (a) , there are a lot of isolated sites, which are the selected sites and surrounded by the unselected sites, and show the discontinuous phenomenon in space. NFP overcomes the problem of spatial continuity of SSCP, but still has two problems, one is the phenomenon of sparseness and the other is the problem of the selected sites which is narrow in space. The sparseness of NFP is type A, which is indicated as red rectangles in Fig. 11 (b) . Moreover, NFP only considers the spatial continuity and that makes the shape of the selected sites continuous but narrow. Comparing with SSCP and NFP, although SA does not have the narrow phenomenon in space, it still has the isolate sites in the designed reserve, the spatial characteristics are lost.
The number of selected sites of those mathematical models is increased when the percentage of protected species (k s ) is increased, the problem of spatial distribution still exists in the designed reserve. Fig. 12 demonstrates the problem of spatial distribution of various mathematical models with k s = 0.5. Figs. 12 (a), (b) and (c) are the results of SSCP, NFP, and SA, respectively. To compare Fig. 12 with Fig. 11 , the number of selected sites is increased and still has the problem of spatial distribution. In Figs. 12 (a) and (b) , the number of isolate sites (Type A and Type B) obviously increases in the designed reserve compared with Figs. 11 (a) and (b). Comparing Fig. 11 (c) with Fig. 12 (c) , although some selected regions become more compact, the number of the scattered points increases. In Fig. 13 , the selected sites which are indicated as black are connected and that provides the spatial continuity for the species exchange. The adjacent sites of the selected sites are close, which forms the compact shape to present the spatial compactness. DFS performs the spatial continuity on both processes of selected and unselected decisions which overcomes the problem of the isolate sites (Type A and Type B) in reserve design. In the procedure of solving the sparseness problem, DFS minimizes the objective function and maximizes the ecological value of reserve to design a reasonable area without sacrificing the spatial continuity and compactness.
The quantitative comparison results are summarized in Table 2 . The total ecological value and total number of sites in the study area are 900.22 and 1137, respectively. In the process of analyzing the qualitative and quantitative results, although SA selects sites with least number of sites, it has the lowest ecological value and the spatial distribution of the selected sites is sparse as shown in Figs 11 (c) and 12 (c) . The results of SA cannot achieve the goal of reserve protection for it is not conducive to species exchange. DFS has the approximate quantitative results compared with SSCP and NFP in both ecological value and number of sites, and it also solve the problem of spatial sparseness and achieves spatial characteristics such as continuity and compactness in reserve design. 
VI. CONCLUSION
In this study, we proposed a novel mathematical model, Dual-Flow Structure (DFS), to solve the problem of spatial distribution in reserve design. DFS provides a reasonable proposal with a scientific theory to design the reserve, which forms the dual-flow structure in design by considering the flows of selection and unselection simultaneously and achieves the minimization of objective function by the dual-flow competition. DFS considers the spatial constraints between adjacent sites in both flows and achieves the spatial continuity and compactness in the selected and unselected sites. The dual-flow competition eliminates the isolate sites and overcomes the spatial sparseness in the designed reserve.
To prove the feasibility of the proposed model, we take the Daiyun Mountains as the study area. The proposed model is compared with three famous mathematical models, species set covering problem (SSCP), network flow problem (NFP), and simulated annealing (SA), which have been used in site selection. SSCP only considers the sites with high ecological value, the spatial distribution of the selected sites is sparse. Although NFP selects sites by considering the spatial continuity, the spatial distribution of selected sites still has the phenomenon of spatial sparse and isolate sites in the designed reserve. SSCP and NFP are popular mathematical models in linear integer programming whereas they still have the drawbacks of spatial distribution. We further analyze the heuristic algorithm by using simulated annealing. SA is one of the famous algorithms in heuristic algorithm which quickly searches the local optimal solution. Although SA can quickly provide the solution for site selection, the spatial characteristics of selected sites are lost. DFS utilizes the dual-flow mechanism to eliminate the problem of isolate sites in the designed reserve and to maintain the spatial continuity and compactness.
